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RestorationAbstract Background/purpose: Few studies investigated the best method for removing stains from
different types of resin-based composite restorations and compared them to the more recently intro-
duced nanocomposites. This study compared the effect of four methods for stain removal from
composite resins; ﬁnishing with Sof-lex disks, using pumice and brush, bleaching with 10% carbam-
ide peroxide and 38% hydrogen peroxide.
Materials and methods: Twenty disk specimens were prepared. Specimens were immersed in a
staining solution for 3 weeks. The stained surfaces of ﬁve specimens from each RBC material were
treated with one of the treatment procedures. Colorimetric measurements were taken using spectro-
photometer prior to and after staining, and then repeated after surface treatments. Color difference
values were calculated.
Results: One-way ANOVA indicated signiﬁcant differences in color change of the three compos-
ite resin materials following staining. Filtek Z250 showed the least susceptibility to discoloration
followed by Renamel, Filtek Supreme was the material most prone to discoloration. Two-way
ANOVA and Tukey’s Post Hoc showed that all stain removing procedures except polishing with
pumice, were able to return Filtek Z250 to clinically acceptable color difference. While bleaching
with 38% carbamide peroxide was not effective with Renamel. Only pumice and 10% carbamide
peroxide were able to return Renamel to clinically acceptable color difference.
62 H.N. Al-Nahedh, W.Y. AwliyaConclusion: Compositions of resin-based composite resins play an important role in their suscep-
tibility to stain and their amenability to stain removal procedures. Home bleaching showed good
results for the three materials, while ofﬁce bleach was the least effective.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Advancements in resin-based technology have resulted in re-
sin-based composite (RBC) materials with life-like characteris-
tics. Based on type of the ﬁller particles, composites that are
currently in use are classiﬁed as microﬁlled and microhybrid
products (Ferracane, 2011). The microﬁlled composite resins
which contain submicron inorganic ﬁller particles (average size
0.04 lm) have the advantage of lasting high polish in addition
to their excellent esthetics (Mitra et al., 2003). The microhybrid
composite resins have a blend of submicron and small parti-
cles, typically averaging about 0.4–1.0 lm, which initially were
called ‘‘miniﬁlls’’ and ultimately came to be referred to as
‘‘microhybrids. This combination allows for a higher ﬁller load
while still maintaining good polishability (Ferracane, 2011). A
more recent class of RBC is nanotechnology-based composite
resins. Nanotechnology or molecular manufacturing provides
composite resin with ﬁller particles that are dramatically smal-
ler, with ﬁller size ranging between 0.005 and 0.01 lm, which
imparts unique physical and mechanical properties to the
restorative materials (Mitra et al., 2003).
Esthetic failure, especially discoloration, is one of the most
common reasons for replacing tooth colored restorations
(Mjor, 1997). To maintain excellent esthetic properties, RBC
restorations should have good color stability. Under oral con-
ditions, the esthetic restorations could be exposed to combined
effects of light, moisture, oral habits such as tobacco use and
certain dietary patterns such as caffeine intake, which might
lead to external discoloration. RBC restorations may also be-
come discolored due to intrinsic factors such as hydrolysis of
the organic matrix or loosening of the ﬁller particles due to
faulty silaniation (Vogal, 1975; Asmussen and Hansen, 1986;
Dietsch et al., 1994).
The introduction of tooth whiteners or home bleaching has
created a signiﬁcant excitement among dentists and public.
Nevertheless; questions have been raised regarding the effect
of bleaching agents on physical properties, surface morphol-
ogy and color of restorative materials (Attin et al., 2004). In
some investigations, softening, and in turn discoloration, of
composite resins was associated with the application of bleach-
ing gels (Asmussen and Hansen, 1986; Turker and Biskin,
2002; Yu et al., 2009). However, others revealed no signiﬁcant
effect on surface hardness and physical properties of composite
resin restorations after the application of bleaching agents
(Garcia-Godoy et al., 2002; Cullen et al., 1993; Yap and
Wattanapayungkul, 2002).
The inﬂuence of various bleaching agents on color of com-
posite resins has been investigated in several in vitro studies.
Some investigators (Monaghan et al., 1992a,b) found no sig-
niﬁcant differences in composite color after exposure to 10%
carbamide peroxide, while others showed clinically detectable
color changes in bleached composite resins (Canay and Cehreli,
2003; Monaghan et al. 1992a,b). However, few studies investi-
gated the best method for removing stains from discoloredRBC restorations. Fay et al. (1999) found that 10% carbamide
peroxide successfully removed cranberry and tea stains from
composite resin samples. Turkun and Turkun (2004) compared
the effect of polishing and bleaching in the removal of coffee
and tea stains from three resin-based composites and they
showed that both methods were effective with in-ofﬁce bleach-
ing showing slightly better results than polishing.
The aim of this study was to compare the effectiveness of
four methods for stain removal from composite resin; reﬁnish-
ing and polishing with Sof-lex disks (3M/ESPE St. Paul, MN,
USA), using slurry of pumice and brush, bleaching with 10%
carbamide peroxide (Nite White, Discuss Dental, Culver City,
CA, U.S.A.) and 38% hydrogen peroxide (Opaloescence
Boost, Ultradent Products, South Jordan, UT, U.S.A.). The
null hypothesis is that there is no signiﬁcant difference between
bleaching with peroxide agents and polishing and ﬁnishing
procedures for the three RBC materials used in this study.
2. Materials and methods
The RBC materials used in this study were: Renamel, micro-
ﬁlled composite resin (Cosmedent, Chicago, IL, U.S.A.), Fil-
tek Z250, microhybrid (3M/ESPE), and Nanocluster Filtek
Supreme, Nanomer (3M/ESPE). The composition, batch num-
ber and manufacturers of the composites are shown in Table 1.
Twenty disk specimens from each material were fabricated
using silicon Teﬂon mold (15 mm internal diameter and
2 mm thickness). The mold was placed on a transparent matrix
strip (Mylar, Dupont, Willington, Del. U.S.A.) and glass slide,
then the different materials were injected and packed into the
mold. The ﬁlled mold was covered with a second transparent
matrix and glass slide; light pressure was applied to expel ex-
cess resin material from the mold. Each specimen was poly-
merized through the top of the glass slide for 40 s using a
halogen light-polymerization unit (EliparTrilight, 3M ESPE).
The light cured disk was then ﬂipped and the bottom of the
specimen was polymerized for another 40 s to ensure complete
polymerization of the composite material. The excess material
was removed with a scalpel blade and the specimens were
stored in distilled water at 37 C for 24 h to ensure complete
polymerization.
2.1. Color measurements
Baseline color of all specimens was recorded using Color Eye
7000 spectrophotometer (Gretag Macbetch, New Windsor,
NY, USA); against a white background using CIE Lab color
space relative to CIE standard illuminant D65. Three
measurements were taken at different sites of each specimen
at baseline, after staining, and after stain removing procedures.
Color change was measured according to the following
formula:
DE ¼ ½ðL0  LI Þ2 þ ða0  aI Þ2 þ ðb0  bI Þ21=2
Table 1 The restorative materials included in the study.
Material/
shade
Filler size/content Matrix composition Batch
#
Manufacturer
Filtek Z250 0.01–3.5 lm
60 vol.% zirconia/Ssilica
Bis-GMA, UDMA and
Bis-EMA
1370 3M/ESPE Dental Products,
St. Paul, MN, USA
Filtek
Supreme
5–20 nm
59.5 vol.% aggregated zirconia/
silica cluster (0.6–1.4 lm)
Bis-GMA, UDMA
TEGDMA and Bis-EMA
3910
Renamel
Microﬁlled
0.02–0.04 lm
60 wt.% pyrogenic silicic acid
Multifunctional
methacrylate esters
6071 Cosmedent Chicago, IL,
USA
Table 2 Products and manufacturers of the stain removing procedures and staining solutions.
Material Lot # Manufacturer
Opalescence xtra boost BIZGQ Ultradent Product, South Jordan, UT, USA
Nite White 05227090 Discus Dental, Culver City, CA, USA
Sof-Lex na 3M/ESPE Dental Products, St. Paul, MN, USA
Pumice (Fine) na Garreco Incorporated, Heber Springs, AR, USA
Lipton, yellow table tea na Unilever, Dubai, UAE
Tasters choice coﬀee na Nestle´ USA Inc. Glendale, CA, USA
Ceres cranberry juice na Ceres Fruits Juice (Pty) Ltd., Ceres, South Africa
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a* = red–green color coordinate, b* = yellow–blue color coor-
dinate, 0 = baseline, and I= after staining. After stain
removing procedure, the measurements were repeated and col-
or change was calculated using the same formula with 1 equal
to color after stain removal.
In reference to the results shown by previous studies (Seghi
et al., 1989; Lieberman et al., 1995; Ruyter et al., 1987;
Johnston and Kao, 1989), for the purpose of this study, a
perceptible discoloration up to the value of DE* = 3.3 is
referred to as clinically acceptable, above which color change
is considered unacceptable.
2.2. Staining process
The specimens were immersed for 3 weeks in a staining solu-
tion prepared with equal parts of cranberry juice mixed with
instant coffee and tea (Iazzetti et al., 2000). Table 2 shows
the products used to prepare this solution. The staining solu-
tion was changed daily. At the end of the staining period,
the stained specimens were rinsed with water for one minute,
air-dried and colorimetric measurements were taken.
2.3. Stain removal
The four materials used for stain removal are shown in Table 2.
Stained specimens of each RBC material were divided ran-
domly into four groups of ﬁve specimens each. The surface
of the ﬁrst group of specimens from each material was polished
with slurry of pumice using slow-speed hand piece and a brush
for 60 s. The stained surface in the second group of each mate-
rial was ﬁnished using the Sof-Lex system (3M/ESPE). Med-
ium, Fine, and Super Fine disks were used for 30 s each, the
specimens were rinsed after each step. The third group from
each material was subjected to daily, 4 h treatments with Nite
White home bleaching gel (10% carbamide peroxide, DiscusDental) for 2 weeks, following manufacturer’s recommenda-
tion. Between bleaching treatments the specimens were stored
in deionized water. The fourth group for each RBC material
was treated with 38% hydrogen peroxide ofﬁce bleaching gel
(Opalescence Extra boost, Ultradent Products, Inc.). The
treatment was performed according to manufacturer’s instruc-
tion for three visits, during each visit the application of the
material was repeated three times. The specimens were stored
in deionized water between visits.
After performing all stain removal procedures, colorimetric
measurements were repeated using the Spectrophotometer.
Color change DE* data were analyzed using SPSS version 13
software, one-way ANOVA, two-way ANOVA and Tukey’s
Post Hoc tests were performed to compare the different mate-
rials and stain removing procedures. Signiﬁcance level was set
at 0.05%.
This laboratory study does not require the approval of the
institution’s ethics committee and was prepared in compliance
with the principles of the declaration of Helsinki.3. Results
Means and standard deviation of DE* values after staining and
the results of one-way ANOVA are shown in Table 3. The ta-
ble shows that the three RBC materials showed a clinically sig-
niﬁcant color change DE* > 3.3. Filtek Z250 showed the least
susceptibility to discoloration followed closely by Renamel,
while Filtek Supreme was the most prone to discoloration.
Highly signiﬁcant (P 6 .001) difference in color change was
found between Filtek Supreme and the other two materials,
however, there was no signiﬁcant difference in the DE* values
of Filtek Z250 and Renamel.
TukeyHSD test showed a considerable variation in the re-
sults after the stain removing procedures (Table 4). For Filtek
Z250, all the stain removal procedures, except polishing with
pumice were able to return the material to clinically acceptable
Table 3 One-way ANOVA for DE* after staining of the three RBC materials.
Material Mean Std. deviation ANOVA
Filtek Z250 6.61 1.50 Sum of squares df Mean square F Sig.
Filtek Supreme 13.28 2.81 5201.159 2 2600.579 361.433 0.001
Renamel Microﬁll 6.69 3.38
Figure 1 DE* values for the different RBC materials after the four stain removal procedures. *Bars with the same letters are not
signiﬁcantly different for each of the composites.
Table 4 Mean values and standard deviation of color change (DE*).
Material Pumice Soﬂex disks Home bleach (Night White) Oﬃce bleach (Opalescence boost)
Stained Polished Stained Polished Stained Bleached Stained Bleached
Filtek Z250 6.4* 6.4* 5.8* 1.6 7.5* 2.4 6.8* 2.2
(1.2) (1.9) (1.4) (1.0) (1.2) (0.8) (1.6) (0.7)
Filtek Supreme 14.1* 1.9 13.0* 1.9 12.8* 1.3 13.3* 3.6*
(2.5) (0.7) (3.7) (1.4) (2.9) (0.5) (1.6) (1.2)
Renamel Microﬁll 5.6* 3.0 7.6* 4.7* 6.3* 1.8 7.6* 5.5*
(0.6) (1.1) (2.3) (3.2) (3.5) (0.8) (5.0) (2.9)
* Indicates clinically unacceptable values.
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Clinically acceptable color change was obtained for Filtek Su-
preme after ﬁnishing the surface with pumice or Sof-Lex disks,
and after Nite White home bleaching. However, with Opales-
cence Xtra Boost ofﬁce bleaching, the resulting DE* value
was unacceptable although a signiﬁcant improvement in color
changes was obtained. For Renamel Microﬁll, only Pumice
and Nite White home bleaching treatment were able to lower
the color change values to levels that were clinically acceptable.
Although it was not signiﬁcantly different from pumice, Nite
White home bleaching treatment showed the best result, and
Sof-Lex and Opalescence ofﬁce bleaching were highly unac-
ceptable (Fig. 1).
Two-way analysis of variance for the color change after
staining and after stain removal revealed signiﬁcantly high
(P 6 0.001) differences between RBC materials and betweenstain removal procedures (Table 5). In addition, a strong inter-
action effect between materials and treatments was also shown.
Nite White home-bleaching showed consistently good results
for all the three materials with color change between baseline
measurement and post-treatment measurements remaining be-
low DE* = 3.3 level of clinically acceptable color change
(P 6 0.001). Finishing with Sof-Lex was the second most effec-
tive method with good results obtained for Filtek Supreme and
Filtek Z250. On the other hand, pumicing and Opalescence
Boost ofﬁce bleaching were the least effective of the four meth-
ods with the latter having a signiﬁcant color improvement only
for Filtek Z250. Paired t-test of mean DE* values after staining
and following stain removal for all groups showed a signiﬁcant
difference (P 6 .0001), the only exception was Filtek Z250 pol-
ished with pumice which did not show any signiﬁcant
difference.
Table 5 Two-way ANOVA of color change after stain removal procedures for the three RBC materials.
Source Type III sum of squares df Mean square F Sig.
Material 225.841 2 112.920 44.574 0.001
Treatment 350.038 3 116.679 46.057 0.001
Material/treatment 798.732 6 133.122 52.548 0.001
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This study showed great variation between the three resin com-
posites with regard to their susceptibility to staining with food
colorants and their amenability to stain removing treatments.
Filtek Supreme had the highest susceptibility to staining with
food colorants followed by Renamel Microﬁll, while Filtek
Z250 was the most resistant to discoloration. Stain removal
with home-bleaching was very effective for all the three mate-
rials, and composite ﬁnishing using Sof-lex showed consis-
tently good results. However, ofﬁce bleaching and polishing
with pumice were less efﬁcient in removing stains.
Color change of restorative dental materials is measured
with a spectrophotometer using CIE LAB color system which
deﬁnes color in terms of three coordinates, namely, (L) white/
black, (a) red/green and (b) yellow/blue. The color change is
expressed in DE* units which is the sum of change for each
of the three parameters L, a, and b as calculated mathemati-
cally. There is a controversy as to the level of color change
which is acceptable clinically. Ideally, the results of the stain
removal process would be considered perfect if DE* is equal
to zero, meaning that the restorative material has returned to
its baseline color before staining took place. Several studies
have shown that DE* values as low as 1 unit are visually detect-
able for porcelain and acrylic materials (Seghi et al., 1989;
Lieberman et al., 1995). However, Seghi et al. (1989) suggested
that an acceptable color difference could be two to three times
greater than the visually detectable limits. Ruyter et al. (1987)
reported a threshold for acceptable color change for dental
composite resin materials to be up to 3.3 units. On the other
hand, Johnston and Kao (1989) evaluated the appearance
match by visual observation and clinical colorimetry and re-
ported an acceptable visual match of resin composite veneers
to tooth structure when the mean DE* was 3.7 units.
Color stability is critical to the long-term esthetics of resto-
rations. Color change in resin-based restorations may be
caused by changes in the material structure and formation of
colored degradation products, by change in the surface mor-
phology or by extrinsic staining (Vogal, 1975; Asmussen and
Hansen, 1986).
In this study, Z250 and Renamel specimens showed the
least susceptibility to discoloration when immersed in the
staining solution, and Filtek Supreme was the most prone to
discoloration, this result was in agreement with other studies
(Ergucu et al., 2008; Guler et al., 2009). The staining suscepti-
bility of a material may be attributed to its resin matrix and
ﬁller type (Monaghan et al., 1992a,b; Ergucu et al., 2008;
Guler et al., 2009). If the resin composite can absorb water,
then it is also able to absorb other ﬂuids, which could result
in its discoloration. Um and Ruyter (1991) exposed resin based
materials to boiled coffee and tea at 50 C and evaluated for
color stability, they mentioned that discoloration of the mate-
rials occurred due to the sorption of the colorants into theorganic phase (Um and Ruyter, 1991). Bagheri et al. (2005),
stated that water sorption occurs mainly as direct absorption
in the resin matrix. The glass ﬁller particles will not absorb
water into their bulk, but can adsorb water onto their surfaces.
Thus the amount of water sorption is dependent on the resin
content of the resin composite and the quality of bond between
the resin and the ﬁller. Excessive water sorption may decrease
the life of resin composite by expanding and plasticizing the re-
sin component, hydrolyzing the silane and causing microcrack
formation. As a result, the microcracks or the interfacial gaps
between ﬁller and matrix allow stain penetration and discolor-
ation. Therefore, the higher resin content of a material, the less
its resistance to photolysis, photo-oxidation and water sorp-
tion leading to a greater susceptibility to staining.
The three composite resin materials used in this study vary
in their compositions with regard to the ﬁller size and content
as well as the resin matrix. Z250 is a microhybrid composite
with zirconia/silica ﬁller size ranging from 0.01 to 3.5 lm.
The low discoloration rate of Filtek Z250 is probably related
to its high inorganic content, 82% by weight, which provides
this composite with a lower water sorption rate. Filtek Z250
has less resin content than Renamel composite resin which is
a microﬁlled composite with pyrogenic silica ﬁller size ranging
from 0.02 to 0.04 lm. Although Filtek Supreme, which is a
nanoﬁlled composite, has high ﬁller content (78.5% by weight)
of aggregated zirconia/silica cluster ﬁllers of 5–20 nm and non-
aggregated 20 nm silica ﬁllers, it has high susceptibility to
stain. This was noticed in several other studies and it was
attributed to porosity in glass ﬁller particles (Ergucu et al.,
2008; Guler et al., 2009; Villalta et al., 2006).
On the other hand, the high discoloration of Filtek Su-
preme could be related to the type of resin matrix used which
has been shown to play an important role in the stain suscep-
tibility. In a study by Asmussen (1983), urethane dimethacry-
late (UDMA) was found to be more stain resistant than Bis-
GMA (Khokhar et al., 1991). In another study, urethane
dimethacrylate showed lower water sorption than Bis-GMA
(Pearson and Longman, 1989). Therefore, water sorption
and stain susceptibility depend on the type of resin matrix used
in the resin-based composite. Filtek Z250 and Filtek Supreme
have a very similar resin matrix which is composed of Bis-
GMA, UDMA and Bis-EMA. However, the two materials
have only one difference in the composition of the matrix
which is the addition of TEGDMA to Filtek Supreme and
not to Filtek Z250. Khalachandra and Turner (1987) found
that water uptake in Bis-GMA-based resins increased from
3% to 6% as the proportion of the hydrophilic monomer
TEGDMA increased from 0% to 1%. This probably accounts
for the increased staining susceptibility of Filtek Supreme as
compared to Z250.
The mechanism of stain removal by the two bleaching
agents is different from that by the Sof-lex disks and pumice.
Peroxide is a bleaching agent which decomposes into free
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radicals. These radicals breakdown large pigmented molecules
responsible for color stain into smaller less pigmented mole-
cules through oxidation and reduction reaction (Flaitz and
Hicks, 1996). On the other hand, Sof-lex disks and pumice
work by abrading the surface.
Nite-White home bleaching agent was the only method that
effectively removed stains from the three resin-based compos-
ites and returned them to clinically acceptable color difference.
On the other hand, Z250 was the only resin material that re-
turned to clinically acceptable DE*after bleaching with the
Opalescence Xtra Boost ofﬁce bleaching agent. Although
Opalescence Xtra Boost contains strong oxidizing agent
(38% hydrogen peroxide), the exposure of the resin specimens
to a lower concentration of hydrogen peroxide as that in Nite-
White for longer periods may be more effective. Slow release of
carbamide peroxide four hours daily for 2 weeks may have
caused better oxidation of the surface pigments than the short
but intense attack by a strong oxidant, this was demonstrated
in a clinical study by Zekonis et al. (2003). Since Z250 has less
resin matrix than the other two materials, both bleaching
agents were effective in removing its superﬁcial stains, while
with the other two materials the stains were absorbed by the
more abundant resin matrix on the surface of the material
and therefore impossible to bleach.
The abrasive particles in pumice are produced by crushing
foamed volcanic glass into thin glass ﬂakes while the abrasives
in Sof-lex disks are aluminum oxide. For the abrasives to be
effective in removing superﬁcial stain from composite resin
materials, they must be harder than the ﬁller of the composite.
If this is not the case, the polishing agent will only remove the
soft resin matrix and leave the ﬁller particles protruding from
the surface (Tajan and Chan, 1989). In this study both Sof-lex
and pumice effectively removed the stain from the nano-ﬁlled
Filtek Supreme. This can be attributed to the breakdown of
the aggregated ﬁllers to their primary nanoﬁllers during polish-
ing; therefore, successful removal of the surface layer responsi-
ble for stain was achieved. However, stain was removed from
Z250 by Sof-lex only and only pumice removed stain from
Renamel, this is probably due to the different compositions
of the two materials especially with regard to the amount
and type of inorganic ﬁllers. Polishing with pumice was able
to remove the stained surface layer from materials with smaller
and softer ﬁllers (Nanoﬁllers and pyrogenic silica) and lower
ﬁller loading (Renamel). However, the surface of Z250 which
is more highly ﬁlled with larger and harder ﬁllers was not af-
fected by polishing with pumice.
Although bleaching agents can successfully remove the
exterior stains from composite resin, they will not bleach the
composite materials to any great extent (Monaghan et al.,
1992a,b), whereas they can effectively bleach teeth. Bleaching
agents should be used with caution to remove stain from the
surface of restorations as bleaching might increase surface
roughness of the restoration causing restorations to pick-up
stains more readily after bleaching (Yu et al., 2009; Rosentritt
et al., 2005).
During specimen fabrication, the RBC disks were light
cured against a celluloid matrix. These surfaces were smoother
than surfaces ﬁnished using rotary instruments, however, due
to their higher resin content, they tend to stain more than pol-
ished surfaces (Paravina et al., 2004; Hachiya et al., 1984). This
is because polished surfaces stain due to adsorption of colo-rants to the roughly arranged exposed ﬁllers. On the other
hand, celluloid ﬁnished surfaces stain by adsorption and
absorption of the colorants on the organic matrix-rich surface
layer causing swelling and separation between the matrix and
the inorganic ﬁller phase. It is possible that the stain suscepti-
bility results for the three RBC materials could have been dif-
ferent had the disk specimens been subjected to ﬁnishing and
polishing procedures prior to immersion in the staining
solution.
The staining agents used in this study are commonly used
beverages that have a strong potential to stain tooth-colored
restorative materials and have been used in many studies
(Fay et al., 1999; Bagheri et al., 2005; Villalta et al., 2006).
Since the primary objective of the study was to establish sur-
face staining and to evaluate the overall staining susceptibility
of the three resin composites rather than the individual effect
of the colorants, the three beverages were mixed to simplify
the procedure; this method was previously employed by Iaz-
zetti et al. (2000). Furthermore, the specimens were subjected
to the staining solution by immersion for a period of 3 weeks
interrupted by daily rinsing and solution change. Such a pro-
tocol does not resemble the situation clinically where the expo-
sure to colorants is intermittent and the action of saliva and
other ﬂuids can dilute the staining solution. Also, the cleansing
action of toothbrush and solid food was absent in this study.
However, the present investigation, provided clinically useful
information about the staining potential of the materials used
and the most efﬁcient method for removal of these stains.5. Conclusions
Within the limitations of this in vitro study, the ﬂowing conclu-
sions can be made:
1. Filtek Z250 showed the least susceptibility to staining fol-
lowed by Renamel Microﬁll, while Filtek Supreme was
the most prone to discoloration.
2. The different RBC materials reacted differently to the four
stain removal methods; with home-bleaching showing con-
sistently good results for all the three materials, while ofﬁce
bleach was the least effective. Sof-lex ﬁnishing reduced DE*
values for all three composite materials, but pumice only
worked with Filtek Supreme and Renamel Microﬁll.
3. The composition of resin-based composites plays an impor-
tant role in their susceptibility to stain, as well as their ame-
nability to stain removing treatments.
6. Conﬂict of interest
The authors have no known conﬂicts of interest associated
with the products used in this study and there has been no sig-
niﬁcant ﬁnancial support for this work that could have inﬂu-
enced its outcome.Acknowledgement
The authors would like to thank Prof. Khamis Hassan for his
help during the preparation of this manuscript.
Effectiveness of resin composite stain removal methods 67References
Asmussen, E., 1983. Factors affecting the color stability of restorative
resins. Acta Odontol. Scand. 41, 11–18.
Asmussen, E., Hansen, E.K., 1986. Surface discoloration of restorative
resin in relation to surface softening and oral hygiene. Scand. J.
Dent. Res. 94, 174–177.
Attin, T., Hannig, C., Wiegard, A., Attin, R., 2004. Effect of bleaching
on restorative materials and restorations – a systematic review.
Dent. Mater. 20, 857–861.
Bagheri, R., Burrow, M.F., Tyas, M., 2005. Inﬂuence of food-
simulating solutions and surface ﬁnish on susceptibility to staining
of aesthetic restorative materials. J. Dent. 33, 389–398.
Canay, S., Cehreli, M.C., 2003. The effect of current bleaching agents
on color of light-polymerized composites in vitro. J. Prosthet. Dent.
89, 474–478.
Cullen, D.R., Nelson, J.A., Sandrik, J.L., 1993. Peroxide bleaches-
effect on tensile strength of composite resins. J. Prosthet. Dent. 69,
247–249.
Dietsch, D., Campanile, G., Holz, J., Meyer, J.M., 1994. Comparison
of the color stability of ten new-generation composites. An in vitro
study. Dent. Mater. 10, 353–362.
Ergucu, Z., Turkun, L.S., Aladag, A., 2008. Color stability of
nanocomposites polished with one step systems. Oper. Dent. 33,
413–420.
Fay, R.M., Servos, T., Powers, J.M., 1999. Color of restorative
materials after staining and bleaching. Oper. Dent. 24, 292–296.
Ferracane, J.L., 2011. Resin composite- state of the art. Dent. Mater.
27, 29–38.
Flaitz, C.M., Hicks, M.J., 1996. Effects of carbamide peroxide
whitening agents on enamel surfaces and caries-like lesion form-
altion: an SEM and polarized light microscopy in vitro study. J.
Dent. Child. 63, 249–256.
Garcia-Godoy, F., Garcia-Godoy, A., Garcia-Godoy, F., 2002. Effect
of bleaching gels on the surface roughness, hardness and micro-
morphology of composites. Gen. Dent. 50, 247–250.
Guler, A.U., Guler, E., Yucel, A.C., Ertas, E., 2009. Effect of polishing
procedures on color stability of composite resins. J. Appl. Oral. Sci.
17, 108–112.
Hachiya, Y., Iwaku, M., Hosoda, H., Fusayama, T., 1984. Relation of
ﬁnish to discoloration of composite resins. J. Prosthet. Dent. 52,
811–814.
Iazzetti, G., Burgess, J.O., Gardiner, D., Ripps, A., 2000. Color
stability of ﬂuoride-containing restorative materials. Oper. Dent.
25, 520–525.
Johnston, W.M., Kao, E.C., 1989. Assessment of appearance match by
visual observation and clinical colorimetry. J. Dent. Res. 68, 819–
822.
Khalachandra, S., Turner, D.T., 1987. Water sorption of polymeth-
acrylate networks: Bis-GMA/TEGDM copolymers. J. Biomed.
Mater. Res. 21, 329–338.
Khokhar, Z.A., Razzoog, M.E., Yaman, P., 1991. Color stability of
restorative resins. Quintessence Int. 22, 733–737.
Lieberman, R., Combe, E.C., Piddock, V., Pawson, C., Watts, D.C.,
1995. Development and assessment of an objective method of colorchange measurement for acrylic denture base resin. J. Oral Rehabil.
22, 445–449.
Mitra, S.B., Wu, D., Holmes, B.N., 2003. An application of
nanotechnology in advanced dental materials. J. Am. Dent. Assoc.
134, 1382–1390.
Mjor, I.A., 1997. The reasons for replacement and the age of failed
restorations in general dental practice. Acta Odontol. Scand. 55,
56–58.
Monaghan, P., Lim, E., Lautenschlager, E., 1992a. Effect of home
bleaching preparations on composite resin color. J. Prosthet. Dent.
68, 575–578.
Monaghan, P., Trowbridge, T., Lautenschlager, E., 1992b. Composite
resin color change after vital tooth bleaching. J. Prosthet. Dent. 67,
778–781.
Paravina, R., Roeder, L., Lu, H., Vogel, K., Powers, J.M., 2004. Effect
of ﬁnishing and polishing on surface roughness, gloss and color of
resin-based composites. Am. J. Dent. 17, 262–266.
Pearson, G.J., Longman, C.M., 1989. Water sorption and
solubility of resin-based materials following inadequate poly-
merization by a visible-light curing system. J. Oral Rehabil.
16, 57–61.
Rosentritt, M., Lang, R., Plein, T., Behr, M., Handel, G., 2005.
Discoloration of restorative materials after bleaching application.
Quintessence Int. 36, 33–39.
Ruyter, I.E., Nilner, K., Moller, B., 1987. Color stability of dental
composite resin materials for crown and bridge veneers. Dent.
Mater. 3, 246–251.
Seghi, R.R., Hewlett, E.R., Kim, J., 1989. Visual and instrumental
colorimeteric assessment of small color differences on translucent
dental porcelain. J. Dent. Res. 68, 1760–1764.
Tajan, A.H., Chan, C.A., 1989. The polishability of posterior
composites. J. Prosthet. Dent. 61, 138–146.
Turker, S.B., Biskin, T., 2002. The effect of bleaching agents on the
microhardness of dental esthetic restorative materials. J. Oral
Rehabil. 29, 657–661.
Turkun, L.S., Turkun, M., 2004. Effect of bleaching and repolishing
procedures on coffee and tea stain removal from three anterior
composite veneering materials. J. Esthet. Restor. Dent. 16, 290–
302.
Um, C.M., Ruyter, I.E., 1991. Staining of resin-based veneering
materials with coffee and tea. Quintessence Int. 22, 377–386.
Villalta, P., Lu, H., Okte, Z., Garcia-Godoy, F., Powers, J.M., 2006.
Effects of staining and bleaching on color change of dental
composite resins. J. Prosthet. Dent. 95, 137–142.
Vogal, R.I., 1975. Intrinsic and extrinsic discoloration of the dentition
(a literature review). J. Oral Med. 30, 99–104.
Yap, A.U., Wattanapayungkul, P., 2002. Effects of in-ofﬁce tooth
whiteners on hardness of tooth-colored restoratives. Oper. Dent.
27, 137–141.
Yu, H., Pan, X., Lin, Y., Li, Q., Hussain, M., Wang, Y., 2009. Effects
of carbamide peroxide on the staining susceptibility of tooth-
colored restorative materials. Oper. Dent. 34, 72–82.
Zekonis, R., Matis, B.A., Cochran, M.A., Al Shetri, S.E., Eckert, G.J.,
Carlson, T.J., 2003. Clinical evaluation of in-ofﬁce and at-home
bleaching treatments. Oper. Dent. 28, 114–121.
